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THE  tlSP  OP  A LOGARITHMIC  AMPLIFIER  IN  DESIGNING  AN  ALTERNATE-PERIOD 
COMPENSATOR  FOR  PASSIVE  JAMMING 


L.  D.  Vilosov,  F.  D.  LaDchik,  A.  P.  Lukoshkin,  Yu.  Y».  Monakhov,  and 
A.  A.  Chude 


ABSTRACT  Up  °xa«iap  the  question  of  using  a logarithmic  receiver  in 
designing  alternate-period  compensation  of  passive  -jamming.  Me  qive 
an  ps^ima’-p  of  tha  detection  efficiency.  END  ABSTRACT 


1.  OPERATING  principle 


The  use  of 
linear  receiver 
taroets  against 


alternate-period  subtraction  at  the  output  of 
makes  it  possible  to  detect  weak  signals  from 
a background  of  passive  lamming.  As  a rule,  a 
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movi ng 
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Figure  1 shaws  fh«>  hlock  diagram  of  a system  for  compensating 
*or  passive  -jamming  with  external  coherence.  We  know  that  the  basic 
disadvantage  of  a system  with  external  coherence  is  fhe  loss  of 
siqnal  in  the  absence  of  a background  of  interference  reflections. 
However,  i * passive  iamminq  is  of  an  extended  nature  and  is  uniform, 
the  use  of  a logarithmic  receiver  makes  it  possible  to  eliminate  this 
disad vanta qe.  Por  this  purpose,  at  the  input  of  the  log  receiver  is 
linear  stage  1 whose  gain  is  switched  at  the  repetition  rate. 
Switching  of  1 l“ids  only  to  a change  of  the  constant  component  of 
the  interference  at  the  output  of  log  receiver  2,  and  has  no  effect 
on  dispersion  at  the  output,  since  dispersion  at.  the  ouput  of 
logarithmic  *ransf ormation  is  constant.  The  1 ow-f requ“ncy  change  of 
the  constant  component  is  supprrssed  by  upper-frequenev  filter  1. 
Compensator  4 subtracts  t»o  voltages:  the  undelaved  (at  the  output  of 
1)  and  that  delaved  by  a period  (at  the  output  of  S)  . with  total 
alternato-neriod  (or  cross-per iod)  correlation  of  interferene  it  is 
suppressed,  if  thare  is  no  noise,  the  signal  of  the  previous  period 
is  not.  equal  to  that  of  the  next  period,  since  unit  1 changes  the 
receiver  gain  during  the  period,  therefore,  at  the  output  of  4 in 
this  case  as  well  there  is  separation  of  the  signal. 





noc  = 1^0? 


2.  RUSTr  STATIST! CAT,  CHAT? ACTEP ISTICS  AT  THE  COEPENSATOP  ntJTPTJT 

The  signal  of  r°f lection  from  local  objects  is  represented  in 
►he  *orm  of  narrow-band  random  processes.  Then,  with  action  of  a 
signal  against  a background  of  interference,  considering  the  internal 
receiver  noise,  the  input  voltage 

t,(0+M0+5.W.  (1) 

where  lm(t)  is  th*  voltage  of  internal  receiver  noise;  £b(0  is  the 
voltage  of  passive  lamming;  MO  is  the  signal  voltage.  fra(t).  tn(0  and 
v-1')  ate  distributed  by  the  noraal  law  with  zero  mean,  while  their 
envelopes  - fJaiO- ■ < > and  #*( 0 - are  distributed  by  the  <?ayleigh  law. 
Tt  i s necessary  to  find  the  probability  density  at  ♦■he  output  of  ♦■he 
compensator  ♦■hat  makes  the  transformation: 

* •--»  a tn  £.'(/»)  — .(/!.  (2) 

where  tt  ani  t2  - two  moments  of  tiae  separated  by  the  repetition 
period ; 


nor  = vso? 


u 


a and  b - constants  of  the  loqatithmic  receiver. 


The  prohabillty  density  at  the  output  of  (2)  is 

,'.2-/.._aUvvq 


r 2 / ( <rt  \7  f. 
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(3) 


where 
c (**>  : 


P - envelope  of  the  correlation  coefficient  Mt,) 


and  - dispersions  E(t,)  and  f(tz). 

The  envelop”  of  the  correlation  coefficient  Px(t,)  and  e(t.z) 
a sianal  on  *h3  background  of  interference,  considerinq  internal 
receiver  noise  for  optimum  speeds: 


P = 


\p  ,a-\  - P.  * ' . ■.  | 

jir.'l;  , ii  , Jl’+fefll1!*  ‘ 

Vl  \ ~*/  V-1/J  L \ 


wh«re  Pi>  - envelope  of  correlation  coefficient  J«  {/)  ; 


P*  - envelope  of  correlation  coefficient 


(0) 


Por  average  soeels: 


P iL.Jd  l P hL.lA. 

"'•Ait  « A ' 


¥^wmnbrn:imr' 


m 


a nd 


with 


DOC 


ISO  2 


5 


when  approximating  w (x)  by  the  normal  law,  the  formulas  for  p 
and  D ar°  simplified,  and  *he  detection  equafion  has  the  form 

0*2-4*  _ «[,  | - 'MI-P^j-3  > (6) 

where  „> n - dispersion  of  x with  no  siqnal; 

- dispersion  of  x with  signal; 

* ~ increient  of  constant  component  at  output  of  compensator, 
cansing  signal  suppression; 


(7) 


« t*<!  - 
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(9) 


« .t 


THP  nwsULfS  OF  THPORFTICAL  AND  ETPFRINFNTAL  STUDIES 


The  detection  efficiency  was  estimated  for  a noise-like  pulsed 


t >or 


i^r)? 


I 

signal  reflected  from  a moving  target  against  a background  of  passive 
lamming,  with  consideration  of  internal  receiver  noise.  Th° 
interperiod  processing  of  the  pulse  train  at  the  outDut  of  *he 
compensator  was  done  using  a digital  accumulator.  Two  adjacent  pulses 
were  considered  *■  o be  uncorrelated,  which  is  valid  if  ye  retune  the 
Frequency  of  the  transmitter  every  two  repetition  periods. 

The  radiation  pattern  was  approixmated  by  a rectangle. 

Calculations  wer=  performed  for  the  following  gualitative 
r«iat ionsh ips: 

signa 1/internal  receiver  noise  ratio  { — = IS  dB; 

\ Oij  / 

sigra^  correlation  coefficient  Pt  = 0.99; 

passive  jamming  correlation  coefficient  Pn  = 0.99  and  0.97; 

number  of  pulses  in  the  sequence  n = 12. 

Figure  o shows  ‘h<>  theoretical  characteristics  of  detection  at 
♦he  output  of  the  discrete  accumulator  for  optimum  target  speeds, 
where  the  phase  of  t(,P  signal  changes  by  (2n  ♦ 1)  w with  n ~ (0,  1,  2, 

...).  Tha  probability  of  a false  alarm  is  10“"*.  From  the  graphs  we 
see  t(,at  i signal  can  be  detpcted  with  a probability  n = 0.71  when 
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— I'}”1  an3  \ ■/'•)  * 1*’  dB.  Experimental  studies  gave  good 
nonf i rma * i on  of  the  theoretical  r°sults. 

When  designing  *-he  examined  compensator  it  should  be  remembered 
that  inaccuracy  of  the  logarithmic  cha racterist ic  of  the  amplifier 
should  not  exceed  ino/Qt  while  the  signal  delay  +ime  in  the  delay 
lin°  should  be  matched  with  ’•he  period  of  the  radiated  signals. 


ro vc tn stows 


1.  ’’’he  use  of  logarithmic  amplifiers  mates  it  possible  +o 

protect  the  passive  iamming  compensator  from  overloading.  In  this 
case  its  afficiencv  is  insignificantly  reduced.  Detection  is  remli7ed 
from  the  ra*io  = -15dB  vhen  F * 10"*?. 

2.  'phe  use  of  al t ern at e- per iod  keying  of  the  gain  in  conjunction 
with  a logarithmic  amplifier  makes  it  possible  to  eliminate  signal 
dropout  in  systems  with  external  coherence  in  the  absence  of 
reflexions  rrom  local  objects. 
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